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S U M M A R Y
Background: Acupuncture carries the potential risk of transmission of pathogenic microorganisms from
the environment to the patient, and from one patient to another. An outbreak of tuberculosis at a private
clinic in eastern China was investigated to identify the source of infection, mode of transmission, and risk
factors for infection.
Methods: A probable case was one who had the onset of unexplained pain, swelling, or abscess in the
area of invasive treatment between January 1, 2011 and February 23, 2012. A conﬁrmed case was a
probable case with positive laboratory test results for Mycobacterium tuberculosis. Patient history and the
frequency of invasive treatment were compared between 56 probable and conﬁrmed cases and
98 controls in a case–control study.
Results: Fifty-six of 2561 patients (2.2%) who had visited the clinic developed tuberculosis. The odds
ratio (OR) of M. tuberculosis infection increased with the frequency of clinic visits (Chi-square for
trend = 28.943, p = 0.000). Multivariate analysis showed that the frequency of acupuncture (Chi-
square = 24.258, adjusted p-value = 0.000) and sharing acupuncture needles (Chi-square = 8.936,
adjusted p-value = 0.003) were risk factors for M. tuberculosis infection. Thirty-two pus sample and
nine sputum sample cultures were M. tuberculosis-positive.
Conclusions: This outbreak was caused by acupuncture and was transmitted through sharing
acupuncture needles contaminated with M. tuberculosis.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / i j id1. Introduction
In China, acupuncture is applied widely for the treatment of
many diseases and symptoms, including bronchitis, asthma,
cataracts, diarrhea, intestinal paralysis, Bell’s palsy, sciatica, and
arthritis.1,2 It is also becoming an increasingly accepted form of
alternative medicine in Western countries.3 Since acupuncture is
an invasive method in which needles reach up to several
centimeters beneath the skin, there is a potential risk of
transmitting pathogenic microorganisms from the environment
to the patient, or from one patient to another. These potential
infections include Staphylococcus aureus,4 hepatitis B virus,5,6
hepatitis C virus,7 HIV,8 and mycobacteriosis,9 among others.* Corresponding author. Tel.: +86 0571 87115131; fax: +86 0571 87115147.
E-mail address: zjlinjunfen@163.com (J. Lin).
1 These authors contributed equally as joint ﬁrst authors.
http://dx.doi.org/10.1016/j.ijid.2014.08.023
1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).From April 2011 to February 2012, more than 10 patients
presenting with swelling or abscess were diagnosed as having
tuberculosis and were admitted to a hospital in Zhejiang Province,
China. All of these patients had visited a private clinic located in a
county of Zhejiang Province for acupuncture treatment. We,
therefore, conducted an investigation to identify the source of
infection, the mode of transmission, and the risk factors associated
with this tuberculosis outbreak.
2. Materials and methods
2.1. Patient identiﬁcation
We deﬁned a probable case as a patient who developed
unexplained pain, swelling, or abscess in the area of invasive
acupuncture treatment between January 1, 2011 and February 23,
2012. A conﬁrmed case was a probable case who also demonstratedciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
F. He et al. / International Journal of Infectious Diseases 29 (2014) 287–291288a positive laboratory test for Mycobacterium tuberculosis. We
identiﬁed cases via the medical records of all ﬁve hospitals and
191 private clinics throughout the county.
This investigation was undertaken in response to a public
health emergency. As such, the investigation was exempt from
the requirement for ethical approval and informed consent.
2.2. Acupuncture procedures
After the skin was swabbed with 75% ethanol, acupuncture and
interferential current therapy were performed at 2–4 points for
20–30 min. The acupuncture sites of some patients were also
disinfected with 75% ethanol swabs afterwards. Triamcinolone
acetonide acetate was injected at 1–2 points. Finally, physiothera-
py was conducted for 15–20 min. Point injections and physiother-
apy were done according to the patient’s needs, and not all
patients received these treatments.
2.3. Case–control study
All patients were enrolled in a case–control study to identify the
risk factors for M. tuberculosis infection. Controls were patients
who had undergone acupuncture at the same clinic between
January 1, 2011 and February 23, 2012, but who had not shown
unexplained pain, swelling, or abscess in the area of acupuncture
or point injection. Systematic sampling was used to select controls
from the medical records according to the time sequence. A
standard questionnaire was developed to record the following
information: patient’s name, age, gender, address, date of onset,
symptoms, history, detailed process of invasive treatment (includ-
ing time, area, and frequency of acupuncture, interferential current
therapy, point injection, physiotherapy, etc.), the presence of
needle-sharing, baseline diseases (including tuberculosis, cancer,
malnutrition, HIV/AIDS, etc.), and association with other patients.
2.4. Field investigation
Twenty-four specimens were collected from the clinic envi-
ronment for mycobacterial culture on December 1, 2011. Speci-
mens were taken from all devices and materials that could have
come into contact with patients during treatment, including the
injector, needles, forceps, solvents, and disinfectants. In addition, a
swab sample of the hand was obtained from the practitioner who
performed the acupuncture. The sterilization effects of pressure
steam and ultraviolet rays were also tested.
2.5. Laboratory tests
Pus and sputum samples from patients, smear samples from
devices and materials, and a swab sample from the practitioner’s
hand were collected and tested for M. tuberculosis using MGIT
(Mycobacteria Growth Indicator Tube) ﬂuid culture, ﬂuorescence
quantitative PCR,10 and variable number of tandem repeats
(VNTR).11,12 MGIT liquid medium and the ﬂuorescence display
device were provided by Becton, Dickinson and Company (Laguna
Hills, CA, USA). Fluorescence quantitative PCR was performed
using the CapitalBio Mycobacterium Identiﬁcation Array System
(CapitalBio, Beijing, China). Twenty-four VNTR loci in the proposed
VNTR typing method were used in this study.13
2.6. Statistical analysis
The Student’s t-test and Pearson Chi-square test were used to
compare the age and sex distributions between the cases and
controls, respectively. The Pearson Chi-square test and Fisher’s
exact test were used to assess risk factors. The Chi-square test fortrend was used to analyze dose–response relationships. Multivari-
ate analysis was performed using the Chi-square automatic
interaction detector (CHAID)14,15 to identify the risk factors
associated with M. tuberculosis infection (alpha = 0.05). Statistical
analyses were performed using SPSS version 15.0 (SPSS Inc.,
Chicago, IL, USA). A p-value (two-sided) of less than 0.05 was
considered to indicate statistical signiﬁcance.
3. Results
Among the 2561 patients who had visited this private clinic,
56 case patients were identiﬁed, giving an attack rate of 2.2%. A
pus sample was collected from 32 of the cases identiﬁed and all of
these samples tested positive for M. tuberculosis. In 2011, 614
(77.8/100 000) pulmonary tuberculosis patients were reported
within the county and 32 414 (59.6/100 000) in the whole of
Zhejiang Province. However, no extrapulmonary tuberculosis
patients with symptoms of unexplained pain, swelling, or festering
in the area of invasive acupuncture were identiﬁed in any other
hospitals or clinics between January 2011 and February 2012.
The medical records revealed that all 56 patients had visited the
clinic and undergone acupuncture or point injection therapy. In
addition, 53 patients (95%) had also received physiotherapy. There
was no signiﬁcant difference in infection rate between males
(2.11%, 28/1328) and females (2.27%, 28/1233) (Chi-square = 0.08,
p > 0.05). The average age of patients was 54 years (range 29–79
years). The attack rates in patients aged <30, 30–39, 40–49, 50–59,
60–69, and >70 years were 0.84%, 1.19%, 2.33%, 2.15%, 2.91%,
and 2.92%, respectively (Chi-square = 4.53, p > 0.05).
Among the 56 patients, 118 sites were found with swelling or
abscess, including the neck, shoulders, back, waist, hips, elbows,
knees, and arms. The incidence of swelling or abscess at the
acupuncture sites, injection sites, and physiotherapy sites were
86% (118/137), 89% (58/65), and 89% (51/57), respectively.
Swelling and abscess were observed at 60 of 72 sites with
acupuncture alone (83%), seven of eight sites with acupuncture
plus point injection (88%), and 51 of 57 sites with acupuncture
plus point injection and physiotherapy (89%). No signiﬁcant
differences in symptoms were noted between these three types
of site (Chi-square = 1.02, p = 0.601).
In addition to unexplained pain, swelling, or abscess, other
commonly reported symptoms included fever (80%), fatigue (79%),
night sweats (50%), lymphadenectasis (30%), chest tightness and
shortness of breath (20%), abnormal lung imaging (20%), cough
(11%), expectoration (8.9%), and abnormal brain imaging (3.6%). Six
patients developed miliary pulmonary tuberculosis 49 to 152 days
after initial symptoms.
The ﬁrst case had onset of illness on February 8, 2011. Cases
occurred persistently and the number of cases peaked in
September 2011. Based on the information provided by the
hospitals, the local municipal bureau of health initiated the
investigation procedure on November 24, 2011. In February 2012,
this acupuncture clinic was ordered to close by the local
government. After this, no further new cases were reported in
the county (Figure 1). The median time between the ﬁrst
acupuncture and the date of onset was 31 days (range 2–280
days). The median time between the last acupuncture treatment
and the date of onset was 7 days (range 0–63 days).
To further investigate the pathway of tuberculosis infection, a
case–control study was conducted. A total of 56 cases and
98 controls were enrolled in this case–control comparison. No
statistical difference was noted between cases and controls with
respect to age (t = 0.134, p = 0.893) or sex (Chi-square = 1.510,
p = 0.219). All cases and controls had no history of tuberculosis,
cancer, malnutrition, or HIV/AIDS. In the univariate analysis, the
OR of tuberculosis infection increased with the frequency of clinic
Figure 1. Epidemic curve for reported cases of tuberculosis by month.
Table 1
Relationship between the frequency of clinic visits and the risk of Mycobacterium
tuberculosis infectiona
Frequency of
visiting the clinic
Number % OR 95% CI
Cases Controls Cases Controls
1–3 4 33 7.1 34 Ref.
4–6 7 26 13 27 2.2 0.50–10
7–9 7 15 13 25 3.9 0.83–19
10 38 24 68 15 13 3.8–50
OR, odds ratio; CI, conﬁdence interval.
a Chi-square for trend: x2 = 28.943, p = 0.000.
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analysis revealed that sharing acupuncture needles, point injec-
tion, and physiotherapy were signiﬁcant risk factors for developing
tuberculosis (OR 14, inﬁnity, and 5.1, respectively). Moreover, the
frequencies of acupuncture, point injection, and physiotherapyTable 2
Risks of Mycobacterium tuberculosis infection by exposure in 56 cases and 98 controls 
Risk factors Exposed, n Expo
Cases Controls Case
Acupuncture 56 98 100 
Frequency of acupuncturea
3 4 33 7.
4–10 23 46 41 
11 29 19 52 
Sharing acupuncture needles 55 78 98 
Interferential current therapy 56 97 100 
Point injection 56 87 100 
Frequency of point injectionb
3 4 26 7.
4–10 23 42 41 
11 29 19 52 
Physiotherapy 53 76 95 
Frequency of physiotherapyc
3 4 20 7.
4–10 22 39 42 
11 27 17 51 
OR, odds ratio; CI, conﬁdence interval.
a Chi-square for trend: x2 = 22.483, p = 0.000.
b Chi-square for trend: x2 = 17.734, p = 0.000.
c Chi-square for trend: x2 = 13.804, p = 0.0002.were associated with the risk of tuberculosis in a dose–response
manner (Table 2).
Multivariate analysis was conducted using CHAID. The results
showed the frequency of acupuncture and sharing of acupuncture
needles to be risk factors for M. tuberculosis infection (Figure 2).
Pus samples from 32 patients (including the ﬁrst 10 patients
mentioned in the Introduction section), sputum samples from
11 of the 32 patients, 24 samples from devices and materials, and
one swab sample from the practitioner’s hand were collected. All
32 pus samples and nine of 11 sputum samples were cultured
positive for M. tuberculosis. Pus samples from the ﬁrst six of the
32 patients were collected and four of them tested positive by
ﬂuorescence quantitative PCR. The four pus samples were
investigated for genotype using VNTR and proved to be of the
same genotype. Samples taken from devices and materials tested
negative for M. tuberculosis.
The effect of sterilization was assessed according to the
National Standard of the People’s Republic of China (GB15981-
1995)16 on December 1, 2011, which was several months after thein the private clinic of Zhejiang Province, China, 2012
sed, % OR 95% CI p-Values
s Controls
100 - -
1 34 Ref.
47 4.1 1.3–13 0.016
19 13 3.8–41 0.000
80 14 1.8–108 0.011
99 - - 1.000
89 1 - 0.008
1 30 Ref.
48 3.6 1.1–11 0.033
22 9.9 3.0–33 0.000
76 5.1 1.5–18 0.006
5 26 Ref.
51 2.8 0.86–9.3 0.089
22 7.9 2.3–27 0.001
Figure 2. CHAID analysis of risk factors associated with Mycobacterium tuberculosis infection.
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used to disinfect the acupuncture needles in the clinic failed to
work properly.
All patients recovered following debridement and drainage of
abscesses and the use of anti-tuberculosis drugs (combining
isoniazid, rifampin, ethambutol, and kanamycin).
4. Discussion
Tuberculosis is usually caused by exposure to tubercle bacilli in
airborne droplet nuclei with diameters of 1–5 mm. Invasive
interventions through the mucous membranes or wounds in the
skin may result in tuberculosis infections, but this is rare.17 In this
study, we documented an outbreak of M. tuberculosis infection
caused by acupuncture and sharing needles in a private clinic.
About 70% of the patients had musculoskeletal or skin
infections, usually in the form of abscesses or septic arthritis,
corresponding to the site of insertion of the acupuncture needles.18
The case–control study revealed the frequency of acupuncture and
the sharing of needles to be associated with the development of M.
tuberculosis infection at the acupuncture sites. From February to
September 2011, 10 patients re-visited the clinic for acupuncture
after onset (mean 2.2 times) and they might have acted as
secondary sources of infection. Moreover, 44 patients visited the
clinic for acupuncture on the same day as the 10 suspected
secondary sources of infection, resulting in a sharp increase in the
number of cases. A similar transmission route of extrapulmonary
tuberculosis has been reported in Korea, where three cases
developed cutaneous tuberculosis after illegal acupuncture.19
Acupuncture-related bacterial infection outbreaks are usually
caused by non-standard sterilization procedures.20,21 According to
the Technical Standard for Disinfection (2002 version) of thePeople’s Republic of China, acupuncture needles should be
disinfected by pressure steam sterilization. The manager of
the clinic stated that the needles were disinfected using a small
portable pressure steam sterilizer and this information was
recorded (including disinfection time and the staff responsible
for disinfection).
Owing to the long incubation period of M. tuberculosis (usually
2–10 weeks)17 and the difﬁculty in making a diagnosis, we failed
to detect the outbreak in time and were not able to isolate
M. tuberculosis from environmental samples. The epidemic curve
showed that this outbreak involved human-to-human transmis-
sion and we presumed that the infection occurred during the
period December 2010 to January 2011. The suspected original
source of M. tuberculosis was a 58-year-old patient who visited the
clinic for acupuncture between October 2010 and January
2011. This was the only patient with known tuberculosis who
had visited the clinic between December 2010 and January 2011.
The therapeutic procedure consisted of acupuncture, interfer-
ential current therapy, point injection, and physiotherapy in
succession. Due to the high correlation between the above risk
factors, the methods of parametric multivariate analysis (such as
logistic regression) were not applicable to identify risk factors. In
this study, we conducted the multivariate analysis by CHAID,
which can deal with multicollinearity and complex non-linear
issues.22
This investigation had at least three limitations. First, due to the
long incubation period, we could not avoid recall bias, making it
difﬁcult to investigate the visit details of the patients. Second, the
samples from the devices and materials were obtained on
December 1, 2011, several months after the outbreak had occurred.
The interval was too long to obtain environmental samples in
detail. Third, a sample was not available for the suspected index
F. He et al. / International Journal of Infectious Diseases 29 (2014) 287–291 291case because of the long interval, therefore we could not
deﬁnitively ascertain the source of infection.
Mycobacterium tuberculosis complex, which includes M. tuber-
culosis, M. africanum, M. canettii, and M. bovis, is known to be the
main pathogen of tuberculosis. Other known mycobacteria
(atypical mycobacteria, such as M. avium complex, M. kansasii,
M. haemophilum, M. chelonae, M. abscessus, M. xenopi, M. simiae, M.
ulcerans, M. fortuitum, etc.) can also lead to human illness such as
disseminated disease, lymphadenitis, skin ulcer, wound infection
after trauma, hospital infection, etc.17 Some atypical mycobacteria
can cause skin or skeletal infections through invasive treatment. A
previous study reported that patients could be infected with M.
chelonae and developed microabscesses after undergoing acu-
puncture.9
In light of the ﬁndings from this investigation, we recommend
that infection control measures be implemented, including the use
of disposable needles, skin disinfection procedures, and aseptic
techniques. In addition, stricter regulation and accreditation
requirements should be put in place to prevent infections
transmitted by acupuncture.18 Additionally, underlying diseases,
especially skin lesions or swelling, should be treated seriously and
screening for these diseases should be carried out before
acupuncture.
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